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1 •  lot reduction 

This  memorandum  presents  two  numerical  tablaa.  The  first 
give*  the  average  percent  of  target  area  covered  at  least  once 
for  a  wide  range  of  bomb  pattern  si sea  anc  target  si sea.  The 
second  table  is  an  auxiliary  table  .'I.!:  makes  it  easy  for  one 
to  compute  the  average  percent  of  target  area  covered  exactly 
or  at  least  once,  twice,  three  times,  etc.  doth  pattern  and 
target  areas  are  squares,  and  the  nuaber  of  bombs  ranges  from 
one  to  ten. 


*•  Bute  .EgravUi 

If  a  square  pattern  of  area  P *  is  aimed  with  normally 
distributad  error  at  tna  centar  of  a  square  target  (with  the 
sane  oriantatlon)  of  area  T* ,  t  he  probability  that  a  point 
(x,  y)  in  the  target  will  be  covered  la 


nr* 


JL 

2 

P 


du  av 


g(x)e(y} 


where  it  is  assumed  that  aiming  errors  in  range  ana  deflection 
are  independent  ana  have  the  same  standard  deviation  <T. 
Supposing  n  bombs  are  dropped,  the  probability  that  the  point 
lx,  y)  will  be  '•overea  exactly  k  tines  is 
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which  M|  be  pot  in  the  fora 


(D 


i.n  iry  l/n  — k\  n\  .  n— l 

.(-I)  Jr  1-0  (  „  K1's,-«*i*«r)3  • 


n-1 


If  this  expression  is  summed  on  k  from  r  to  n,  one  obtains  tha 
probability  that  (x,  y)  is  covered  at  least  r  tlaes 

r,  JL  r.—s.+  i  n-i  n  n-1 

cn(x*  y)  -  Jl  ST  (-D  k  CrU)g(y): 

k-r  1*0  4 


and  by  interchanging  the  order  of  summation  the  sum  on  k  is  easily 
determined  from  the  identity 


a  S  s\  r  m  —  1  \ 

S  (->)  -  <->)  U-i)  • 


a-r 


One  finds  that 


n-i 


The  expected  proportion  of  the  target  area  covered  at  least 
r  times  is  now  found  by  integrating  this  last  expression  ovu  the 
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3*  ^ascription  of  Tablet 

Table  1  tabulates  defined  by  equation  (3);  that  is,  it 

gives  the  expected  proportion  of  target  area  covered  at  least 

once.  Table  II  tabulates  defined  by  equation  (2);  this  table 

together  with  equation  (3)  enables  one  to  calculate  directly  the 

expected  proportion  of  target  area  covered  at  least  r  times. 

n— i 

Also,  by  substitution  of  for  [g(*)g(y)j  on  the  right  of 

equation  (1),  one  can  compute  directly  the  expected  proportion 
of  target  area  covered  exactly  k  times. 

The  unit  of  length  is  taken  to  be  one  circular  probable 
error  (CEP).  If  the  aiming  errors  in  range  and  deflection  are 
independent  and  have  the  same  stanaerd  deviation  <r,  then 

1  Ct.p  -  yi  log  i  cr  *  1 .177  C r. 

{One  mean  radial  error  (hkE)  •  y n/2  O'  —  1  .253  0*  ~  1  .Ot>4  CEP.) 
Thus  the  lengths  of  the  target  side  and  pattern  side  are  denoted 
by  t  •  T/CEP 

p  -  P/CEP 


in  the  tables. 
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TABU  I 

average  Percent  of  Tercet  «rea  Covered  at  Least  C:  _e 


Number  of  bombs 

t 

1 

2 

3 

. 

*e 

5 

wa 

a 

— 

6 

9 

10 

.u625 

.0009 

.0017 

.0026 

.0034 

.0043 

.0052 

.0060 

.0069 

.0077 

.0066 

.125 

.0009 

.0026 

.0034 

.0043 

.0051 

.0060 

.0069 

.0077 

.0066 

.25 

.0017 

.0026 

Eza 

.0043 

.0051 

.0060 

.0066 

.0077 

.0085 

.50 

.0017 

.0025 

.0033 

.0042 

.  jO  50 

.0058 

.0075 

.0083 

1.00 

.0008 

.0015 

.0023 

.0031 

.0038 

.  0O46 

.0054 

.0061 

.0069 

.0077 

2.00 

.0011 

.0017 

.0023 

.0026 

.0034 

.0040 

.0045 

.0^*51 

.0056 

4.00 

.0002 

.0005 

.0007 

.0009 

.0012 

eOJl  4 

.0016 

.0019 

e  v>02  1 

.0023 

6.00 

.0001 

.0*A)1 

.00u2 

.  u0o2 

.o0u3 

e  UjJ4 

.00*04 

.w005 

.0006 

16.00 

.0000 

.0001 

.0001 

.uOOl 

.00OI 

.0001 

.OoOl 

.0002 

.0002 

.v025 

•vG34 

.uut>9 

.ol03 

.0137 

.0171 

.0205 

.0238 

.0272 

.o305 

.0339 

.125 

.0069 

.ol03 

.0137 

.0171 

.0204 

.0238 

.0272 

.0305 

.0338 

.25 

.0034 

.vju68 

.0102 

.0136 

.0170 

.o203 

.0237 

.0270 

.0303 

.0336 

.50 

•Ou33 

.0067 

.0100 

.0133 

.0166 

.0199 

.0232 

.0264 

.0297 

.0329 

1.00 

.0031 

.0061 

.0092 

.0122 

.0153 

.oi83 

.0213 

.0243 

.0273 

.0303 

2.00 

.0045 

.uOC  8 

.0090 

.0112 

•0135 

.015/ 

.0179 

.0201 

.0223 

4.00 

.0019 

.0028 

.0038 

.0047 

.0056 

.006 5 

.0075 

.0O64 

.0093 

8.00 

.0002 

.0005 

.0CG7 

.o010 

.0012 

.0014 

.  jOI  7 

.0019 

.0022 

.0024 

16.00 

.OOol 

.0001 

.0002 

.0003 

.o004 

.0004 

.0005 

.0005 

.0006 

.Ot25 

.0137 

.0272 

.0405 

.0536 

.0666 

.0793 

.0919 

.1044 

.1166 

.1267 

.125 

.0137 

.0271 

.0404 

.0536 

>665 

.0792 

.0918 

.1042 

.1165 

.1266 

.25 

.0136 

.0270 

.0402 

.0533 

.0661 

.0768 

.0914 

.1037 

.1159 

.1279 

-50 

.0133 

.0264 

.0394 

.0522 

.0648 

.0772 

.0895 

.1016 

.1136 

.1254 

1 .00 

.0122 

.0243 

.0363 

.0481 

.0597 

.0712 

.0626 

.0936 

.1049 

.1153 

2.00 

.0179 

.0268 

.0355 

.0442 

.0526 

7-13 

.0697 

.0780 

.08*'3 

4.00 

.0038 

.0075 

.0112 

.0149 

.6165 

.C??2 

.0258 

.0293 

.0329 

.0364 

6.00 

.0010 

.0019 

.0029 

.0038 

.0048 

.0057 

.0066 

.0076 

.0065 

.0094 

16.00 

i 

•0<X,2 

.0005 

.0007 

.^010 

.0012 

,0014 

.0016 

.0019 

.0021 

1 

.0023 

KM  404 
-5- 


T/ BLE  I  (coat’d) 

Average  Percent  of  Target  Area  Covered  at  Least  Once 


Number  of  Bombs 


5 


977 
974 
965 
927 
7*6 
.1343 
.0575 
,0150 
.0037 


.0025 
.1*5 
.25 
.50 
1 .00 
2.00 
4.00 
6.00 
16. JO 

.0625 
.125 
.25 
.50 
1 .00 
2.00 
4.00 
8.00 
16.00 

.0625 
.125 
.25 
.50 
1 .00 
2.00 
4.00 


536  .1043 
535  .1041 
532  .10361.1513 
521  .1015 
a*0  .0937 
356  .0698 
150  .0296 
039  .0077 
.0019 


.3552 
•  3548 
.3533 


.5842 
.5*37 
9  .5616 


.3473  .4727  .5740 
.3245  .4447  .5434 
.4349 
.2036 
.0540 
.0135 

.9086 

•  96*4 
.9678 
.9654 
.9543 

•  69^5 
.5659 


2505 

1125 

0297 

.3497 

.1604 

.0425 

00 74 

.0106 

6227 1 

.9253 

6223 

1.9251 

.7319  .7647 
.73H  .7643 
.7295  .7625 
.7219  .7753 
.6911  .7456 
.5715  .6261 


fOJ 


.0743 


.0913 

.0228 


.9944  .9977  .9990 
.9944  .9976  .9990 
.9942  .9976  .9990 
.9936  .9972  .9988 
.9901  .9953  .9976 
.V5r'9  .9752  .9644 
• 752  * 


6.00  .0625  .1064  .1391  .1645  .1650  .2022  .2168  .2296  .2409  .2511 
16,00  .0156  .0266  .03481.0411  .0463  .0505  .0542  .0574  .OtOZ  .0628 


.1059 

.0265 

.9998 

.9998 

.9996 

.9998 

.9995  ■ 

.9937 

.7960 

.2511 
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■umber  of  Bombs  l 


t 

1 

*> 

«• 

3 

4 

5 

6 

7 

6 

9 

r  1 

10 

.ct  25 

•  9632 

.9986 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1  .0000 

1  .0000 

.125 

.9631 

.9986 

.9999 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

.25 

.9624 

.9986 

.9999 

1 .GOOO 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1  .0000 

.50 

.9599 

.9984 

.9999 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1.00 

.9494 

.9974 

.9999 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1  .0000 

2.00 

.9026 

.9890 

.9986 

.9998 

1 .0000 

1 .0000 

1.0000 

1  .0000 

1 .0000 

1 .0000 

4.00 

.6699 

.8744 

.9418 

.9708 

.9845 

.9915 

.9951 

.9971 

.9983 

.9990 

6.00 

.2493 

.3541 

.4169 

.4612 

.4951 

.5225 

.5454 

.5650 

.5821 

.5972 

16.00 

.0625 

.0869 

.1047 

.1160 

.1246 

.1316 

.1375 

.1426 

.1470 

.1509 

.0625 

1 .0000 

1 .0000 

1.0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1  .OOOO 

1 .0000 

1  .0000 

.125 

1.0000 

1.0000 

1 .uOOO 

1 .OoOO 

1.0000 

1  .1)0  JO 

1 .OjOO 

1 . jOOO 

1  .0000 

1  .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 . oocc 

.50 

1 .Gooo 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1  •C'J'-'W 

1.00 

1 .0000 

1.0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1.0000 

1 .0000 

1  .OOOu 

2.00 

.9999 

1 .0000 

1 .0000 

1  .000-j 

1 .0000 

1 ,0000 

1 .OjOO 

1 .0000 

1 .0000 

1 .0000 

4.U0 

.9974 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1 .uQQO 

1 .0000 

1 ,0000 

1 .0000 

1  .  jOOO 

6.00 

.6378 

■ 

.9692 

.9972 

.9985 

.9992 

.9995 

- 9997 1 

16.00 

.2500 

.3581 

.3864 

.3968 

.4056 

.4133 

.4201 

.0625 

1 .0000 

1  .(JOOO 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1  .JOOO 

1 .0000 

1 .0000 

1 .0000 

.125 

1.0000 

1 .0000 

1 .0000 

1 .0000 

1  .0000 

1 .0000 

1 .0000 

1 .0000 

1 .0000 

1  .0000 

.25 

1 .0000 

1 ,0000 

1 .OoOO 

1  .QuOO 

1 .0000 

1 .OoOO 

1  .0000 

1 .0000 

1 .0000 

1  .0000 

.50 

1 .0000 

1 .0000 

1 .0000 

1  .OjOO 

1  .0000 

1 .0000 

1 ,0000 

1  •O'-#  00 

1 .0000 

1  .COjC 

1 .00 

1.0000 

I.COOO 

1 .0000 

1  ,0000 

1  .0000 

1 .OoOO 

1 .0000 

1  .GOuO 

1 .OjOO 

1  ,OJ\.j 

2.00 

I.QOQt 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1 .0000 

1 .0000 

4.00 

1.0000 

1.0000 

1 .0000 

1.0000 

1 .0000 

1 .0000 

1 .0000 

1  .0000 

1 .0000 

1  -GOOC 

8.00 

1 .0000 

1.0000 

1 .0000 

1.0000 

1 .0000 

1,0000 

1  .0000 

1 .0000 

1 .0000 

1  .CoGO 

16.00 

.9171 

.9735 

.9897 

.9956 

.9980 

.9990 

.9995 

.9997 

.9999 

.9999 

fimnooiTiM 
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